Bacteria to include Archaea and unicellular Eukarya. 
KEYWORDS:
microbial ecology, metagenomics, pyrosequencing, microbiome, SIP.
doi: 10.2175/106143013X13698672321742

Optimization or Minor Modification of Existing
Methods and Reviews Limpiyakorn et al. (2013) A review by Rosselló-Móra (2012) claims that the current methods used for taxonomic classification require significant laboratory experimentation, and generally will not produce interactive databases. According to the author, new high-throughput metabolomic technologies, such as ICR-FT and MALDI-TOF mass spectrometry methods, will open the door to the construction of metabolic databases for taxonomic purposes. It is to be foreseen that, in the future, taxonomists will benefit significantly from public databases speeding up the classification process. However, serious effort will be needed to harmonize them and to prevent inaccurate material.
In a web-alert titled "Annotation for environmental metagenomes," Wackett (2012) The suspended-growth and biofilms communities from an integrated fixed film activated sludge (IFAS) process were analyzed using denaturing gradient gel electrophoresis (DGGE) and FISH. Denitrifying bacteria were identified in the biofilm and species associated with the genera Firmicutes and Pseudomonas were implicated in organic degradation Li et al. (2012a) .
A combination of DGGE, FISH and cloning and sequencing were used to explore the composition of sludge from a single-stage deammonification process. AOB associated with Betaproteobacteria were identified in the first 50-100 μm of the sludge granule and Planctomycetes were dominant at depth between 100-200 μm Liu et al. (2013) . Qiu et al. (2012) evaluated the effects of alternative carbon substrates on the microbial community structure during anerobic debromination of polybrominated diphenyl ethers (PBDEs). DGGE was used to identify significant microbial community shifts associated with different electron donors and Pseudomonas spp. were found to be the dominant organism. In addition, microbial community structure was found to be correlated with the concentrations of PBDE breakdown products and total nitrogen. This study found that specific electron donors influence the biotransformation rates by changing the microbial community structures. Guo and Zhang (2013) 
Alphaproteobacteria.
The bacterial community of wastewater effluent was studied to understand the interrelationships of antibiotic residues and antibiotic resistance genes with community dynamics in wastewater treatment Novo et al. (2013) . DGGE was used to quantify changes in bacterial community with an emphasis on the effects of exposure to
antibiotics. This bacterial community study provides a multivariate analysis into changes to community structure with plant operations and physciochemcial parameters. Mielczarek et al. (2013) Therefore, a combination of 16S rRNA, dsrB, and aprA was used to describe the diversity of sulfate-reducing bacteria, while the combination of 16 rRNA, aprA, and pufM was used to identify the sulfur-oxidizing representatives present in the waste stabilization ponds. Burns et al. (2012) studied the effectiveness of a passive flow sulfate-reducing bioreactor processing acid mine drainage generated from an abandoned coal mine. A microbial community analysis identified significant differences between pre-treated and post-treated water.
Pre-treated samples were dominated by iron-oxidizing
Betaproteobacteria, while sulfur-oxidizing
Epsilonproteobacteria dominated the post-treated water. In addition, analysis of dissimilatory sulfite reductase genes (dsrAB) determined that there was limited diversity in the sulfate reducing microbial community.
Enhanced metals bioremediation was studied in
Cupriavidus metallidurans CH34 Biondo et al. (2012) .
Biomolecular engineering was used to express a synthetic phytochelatin gene in this bacterium. The recombinant strain showed an increased ability to immobilize metal ions from the external medium when compared to the control strain for all divalent metals evaluated. This study demonstrates the advantages of biomolecular engineering to enhance and expand the ability of microorganisms for potential applications in bioremediation. Heavner et al. (2013) The relationship between chloroethene respiration and protein and mRNA biomarkers were evaluated by Rowe et al. (2012) . This study found that transcript levels of TceA and HupL biomarkers were highly correlated with respiration rates. This study highlights the importance of biomarker analysis for contaminant biodegradation and further supports incorporation of molecular analyses in kinetic models.
The distribution of genetic markers for fecal pollution was evaluated in water, soil, and sediments receiving wastewater effluents using qPCR Eichmiller et al. Quantitative PCR is often used to monitor changes in microbial populations over time or the activity of specific subsets of a population. Populations of Legionella pneumophila and Pseudomonas species were monitored during the operation and shut down in the aeration ponds and air space above ta biological treatment process using qPCR. There was a notable decrease in L.
pneumophila during the shut-down period Fykse et al. (2013) . qPCR was also used to monitor the reduction of human viruses and F-specific coliphages in a full-scale wastewater treatment plant. The activated sludge process was responsible for the greatest reduction, though each of the ten virus type examined in this study were detected in the wastewater effluent Hata et al. (2013 The microbial community structure, function, and metabolic pathways in activated sludge bioreactors were studied using Illumina Sequencing Ye et al. (2012) .
Ammonia-oxidizing bacteria were found to be more abundant than ammonia-oxidizing archaea in both reactors evaluated. Interestingly, the results suggest that metagenomic sequencing was a better approach than qPCR for the quantification of these microorganisms.
Microbial diversity was compared amongst small and large-scale activated sludge processes using barcoded CIArray was demonstrated by identifying anoxic phenoldegrading microorganisms in a predenitrification activated sludge process. C-14 labeled phenol was introduced to the mixed community and DNA from microorganism that assimilated the C-14 hybrized to the CIArray. 'Heavy'
DNA from the array was sequenced and were distantly related to Gamma-proteobacteria Tourlousse et al. (2013) . Ji et al. (2013) were separated by DGGE to check for purity/diversity; (7) once DGGE gels showed single bands, the corresponding purified PCR products were sequenced and then nearly full- Gene expression analysis and multidimensional LC proteomics were used to determine that S. maltophilia was able to convert E1 to tyrosine followed by protein biosynthesis. This study is one of the first to propose an E2 degradation pathway based on protein identification. DGGE was used to reveal the difference in microbial communities in activated sludge with an anaerobic sidestream reactor (ASSR) Kim et al. (2012b) . Microbial communities were found to be very diverse and diversity was attributed to solids retention time as well as shifts between aerobic and anaerobic conditions. This study also showed that identical sludge produced distinct communities depending on subsequent processes.
The removal of indicator bacteria, coliphage and enteric viruses was determined for different treatment and disinfection strategies Francy et al. (2012) . Membrane bioreactors were found to provide improved removal of microorganisms compared to conventional secondary treatment. This is translated in the disinfection results as samples from the MBR typically had a lower log-removal rate. Interestingly, adenovirus was detected in all postpreliminary samples and had very little log-removal during disinfection.
The interactions of Anammox and heterotrophic bacteria in biofilms were studied by Ni et al. (2012) . FISH analysis was able to show that biofilms contained Anammox and heterotrophs at 77% and 23% of the total bacteria population, respectively. In addition, the investigators found that heterotrophs were able to use soluble microbial products and decay products for growth, however the relative abundance of heterotrophs and Anammox bacteria remained fairly stable. Vuong et al. (2013) developed a novel fecal source tracking technique using a mitochondrial DNA microarray. This method relied on qPCR amplification of sequences that were universally present in target commercial and domestic animals commonly used in source tracking studies. This study determined that the new method was able to accurately detect fecal contamination when compared to currently accepted PCR methods.
Currently available molecular and serological methods for the sensitive and specific detection of P. aeruginosa from the environment are not satisfactory. To characterize populations of P. aeruginosa, Choi et al. (2013) successfully developed a novel and specific marker for a SYBR Green Direct qPCR assay for the species-specific detection of P. aeruginosa. Since the O-antigen acetylase gene of P. aeruginosa PA01 is structurally diverse among species, a primer set (PA431CF/R) was designed based on this gene.
The Listeria genus is considered as one of the most important foodborne pathogens to be transmitted by food and water. Barbau-Piednoir et al. (2013) propose a new system, the Combinatory SYBR®Green qPCR screening for foodborne pathogens (CoSYPS Path Food), which uses assays to target two levels of discrimination: the entire Listeria genus (except Listeria grayi) and Listeria monocytogenes. The 4 primer pairs used in this research were developed using a uniform primer design approach and were chosen in order to perform at the same PCR conditions, allowing the different assays to be performed as four simplex assays simultaneously, on the same plate.
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New Data Analysis Techniques for Molecular Methods
Concern regarding the quality of qPCR analysis for the quantification of fecal indicator bacteria has launched an investigation into potential causes for interference and variation in results. Haugland et al. (2012) and Cao et al. (2013) evaluated a host of factors that could influence qPCR results or cause increased variation. These studies found that sample processing and interference controls are required to improve data quality because quantification was sensitive to many different factors.
Genome-scale metabolic modeling was developed to better understand the feast-famine cycles in activated-sludge systems. Genomic-scale metabolic modeling of storage metabolism for Rhodococcus jostii RHA1 and E. Coli K-12 were developed with the objective function of maximizing growth rates, minimizing biochemical fluxes and minimizing metabolic adjustment.
When the glucose and acetate were the substrates for the feast-famine cycles, the model was in agreement with the experimental results Tajparast and Frigon (2013) . , 24, 179-190. 
Biodegradation
